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Abstract 
Weather changes and population increase on coastal zones clearly dictate higher demand for water which; in arid and semi arid 
regions is considered as a limited resource, with almost all groundwater resources under heavy pressure. Future demands will not 
be met by traditional water resources like surface and ground water. In order to handle increased water demand, the treated 
wastewater originating from municipal wastewater treatment plants has to be developed and offered to farmers for agricultural 
irrigation. Most of marine pollution arises from land-based activities such as urban development and sewage disposal, 
manufacturing, transport, energy production, and especially from tourism supporting agricultural activities. These inputs are a 
potential risk to ground water and the marine environment that need to be investigated. Nutrient effects on soils are then 
amplified, by investigating areas irrigated by wastewater and nearby sites irrigated with groundwater. Profile samples were taken 
in a field irrigated with treated wastewater, and in a nearby field irrigated with fresh farm water from the site for over ten years. 
All other variables like, crop types, irrigation modes and quantities, weather conditions were the same. Results suggest that, even 
though there is an increased nutrient input, no serious effects result through wastewater reuse and problems detected are 
manageable and may be handled with proper techniques. The aims of this investigation is to determine the distribution patterns of 
nutrients into  the soil profile resulting from wastewater reuse .These nutrients eventually may end up into the groundwater 
creating quality degradation (eutrophication) of this resource as well as to the immediate marine environment. Results show an 
increase of nutrient values resulting from wastewater reuse at almost all experimental levels, but these increases are considered as 
manageable if proper care is exercised. 
 
© 2009 Published by Elsevier Ltd. 
Keywords: Wastewater ; wastewater reuse; total nitrogen; nutrients; phosphates  
1. Introduction 
Cyprus is located at the east Mediterranean, 75 km south of Turkey, 105 km west of Syria, 380 km north of 
Egypt, 380 km east of Rhodes (Greece). Cyprus is the third largest island in the Mediterranean with a population of 
800,000. It is dominated in its topography by two mountain ranges, the Troodos range in the central part of the 
island, rising to a height of 1.952 m and the Pentadaktylos range in the north of the island, rising to a height of 1.085 
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m. Cyprus has a typical Mediterranean climate with mild winters, long hot, dry summers and short autumn and 
spring seasons. The average annual rainfall is about 500 mm and ranges from 300 mm in the central plain and the 
south-eastern parts of the island up to 1.100 mm at the top of the Troodos range and 550 mm at the top of 
Pentadaktylos. The variation in rainfall is not only regional but annual and often two and even three-year 
consecutive droughts are observed.  
With many countries facing severe water shortages, reusing water for irrigation and industrial purposes is 
becoming more favorable [1, 2, and 3]. In planning and implementation of water reclamation and reuse, the intended 
water reuse application dictates the extent of wastewater treatment required the quality of the finished water and the 
method of distribution and application.  
Cyprus with a total surface area of 9250 Km2 due to its semiarid climate faces a problem of inadequacy of water 
for both its domestic and irrigation needs. The mean annual rainfall over the island is 500 mm which corresponds to 
4600 million cubic meters of water over its total area. Due to the aridity of the region a proportion of about 80% of 
the rainfall returns to the atmosphere as loss by evaporation and evapotranspiration. If a balance is carried out of the 
water resources of Cyprus then in the incoming, one may include the mean annual crop of 900 million cubic meters 
which can be analyzed into 67% surface runoff and 33% groundwater whilst in the outgoing, one may include 37% 
of losses in the sea, 30% pumpage and flow from springs, 21% mean annual yield of the dams and 17% as 
diversions for spade irrigation from the streams.  
In Cyprus there are no permanent surface water streams or lakes but until some years ago, underground water 
resources were adequate to meet the local water demand. However overexploitation of the underground water leads 
to a gradual decrease of groundwater resources. The reuse of sewage effluents should then be seriously considered 
as an important strategy in conserving water resources. 
Currently 5 major urban wastewater treatment stations are operating and are producing about 15 MCM/yr. This 
covers 8% of the agricultural needs. About 5 MCM is currently used for groundwater recharge.  
Agriculture has an important role for the coasts of Cyprus, even though it is obviously not a maritime activity. 
The reform of the Common Agriculture Policy is certainly beneficial for coastal zones because reorientation from 
production to broader rural development will reduce pressures on fragile coastal ecosystems. This will be enhanced 
by a requirement for the cross-compliance of agricultural activities (Liopetri bay) with other policies, in particular 
environment. At the same time, agricultural production around densely populated areas is becoming more and more 
specialized and intensive. This is driven by tourism and the increasing popularity of coastal areas especially in the 
southeastern part of the island, where nitrogen leaching cases have been reported, with eutrophication signs in the 
bathing waters [6]. 
   It is estimated that by the year 2012 an amount around 52 MCM/yr of treated wastewater will be available for 
landscape agriculture and crop irrigation, to cover 28% of agricultural irrigation needs. 
The main aim then of this investigation, is to determine the wastewater’s nutrient flow patterns into the soil profile. 
It is widely known that a serious point of concern in wastewater reuse is the transfer of nutrients in the soil profile, 
which eventually may end up into the groundwater creating quality degradation of this resource. In coastal cities 
where agricultural support is growing rapidly, the effect of leaching of nutrients into the sea with eventual over-
enrichment effects is of particular importance. Soil profile investigations then, are considered important and can 
precisely evaluate the patterns of nutrient leaching, as well as the patterns of nutrient concentrations in the root and 
other soil zones [4] [10]. 
2. Materials and Methods 
Soil samples were taken, from an area which was irrigated with treated effluent for about ten years. Other plots in 
this area were also irrigated with fresh groundwater from local wells. Samples were taken from both irrigation plots 
at vertical increments of 10 cm to a depth of 1.20 m, representing the active agricultural zone. The area of the 
experiment was about 3500 m2   , divided into eight plots, half of them irrigated with treated wastewater, and the 
other half with fresh groundwater. 
This 10-year field study was initiated in order to investigate the general effects of using treated effluent (ECw = 
2.6 dS/m, SAR = 12), by trickle irrigation-three times weekly during dry months. Attention in this study was 
concentrated to the distribution patterns of nitrogen and phosphorous in the active agricultural zone. The soils of the 
area under FAO classification are calcaric cambisols (BK) ex-alluvials of medium texture throughout (35% clay, 
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28% silt, 37% sand and 26% CaCO3). They are poor in organic matter content 1% but rich in general Carbonate 
(CO3), 16-19%. Therefore their pH is high 8.92-9.87 which shows alkalinity characteristics. In these soils only crops 
with high pH tolerance can grow.   
The soil samples were taken from excavated pits directly under the dripper. All samples were labelled and placed 
in plastic bags which were kept in the laboratories until they were analysed. Soil samples were analysed as follows:  
Total Nitrogen was determined using the ‘N: Kjeldahl method’, Nitrate-N (NO3-N) the ‘Nitrate ion selective 
eledrode Elit 021’ and ‘Available Phosphorus-P’ by the Sodium bi-carbonate method. 
The secondary stage treated effluent used for irrigation originated from two different small scale treatment plants. 
Conduits transfer treated effluent from these two plants to a reservoir with 10-d retention time. This reservoir 
(maximum depth 2.5 m) was used primarily for the storage and control of effluent application to the farm. The 
treatment processes at the plants were activated sludge treatment, of effluent from residential areas with no 
industrial inputs. The plants produced secondary treated effluent of quality 20 mg/L BOD and   30 mg/L SS. The 
storage reservoir offered a further settling treatment facility. 
As previously mentioned two types of water were used for irrigation, fresh ground water from a nearby well  
and  treated wastewater. The wastewater had domestic origin with no industrial wastes. 
The farm water had the following characteristics:  
• high content of soluble elements toxic to agriculture 
• electric conductivity = 3.0 mmho/cm 
• the predominant  cation  is Na+ ,  (21.7 mg/l) 
• the predominant anion is Cl  (15.5 mg/l). It should be noted that Na2CO3 is one of most toxic element to crops 
[11] 
The wastewater’s chemical composition was similar to fresh ground-water but contained  additional elements and 
salts, toxic to crop. Its main characteristics are: 
• Electric conductivity = 3.7 mmho/cm 
• High in Na+, Cl, CO3 and high pH up to 9.2 
 
Fig.1. Yellow bars show N-total (g/kg) content of soil samples irrigated with treated effluent and red bars the N-total content of samples irrigated 
with fresh farm water, both at the end of the experimental period. Blue bars show the original N-total content of the soil samples before the 
experiment. 
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Fig.2. Yellow bars show NO3 – N (mg/kg) content of soil samples irrigated with treated effluent and red bars the NO3 – N content of samples 
irrigated with fresh farm water, both at the end of the experimental period. Blue bars show the original NO3 – N content of the soil samples before 
the experiment. 
 
3. Results 
As a result of irrigation with fresh water, the distribution of total N in the whole profile shows a trend towards 
reduction compared to the initial soil values (fig.1). The profile’s average content of 0.384 g / kg of soil is 1.25 
times lower than the original profile average.  At the various increments there is a decrease from 1.07 to 1.15 times. 
Only in the layers of 55-75 cm, values remain the same. 
In soils irrigated with treated effluent, the content of total N in the soil profile shows increases in the layers, 0-15, 
15-25, 55-75, while in the layers of 25-55 cm and 75-120 cm, it shows a decrease. Its average content of 0.456 g / kg 
of soil is 1.05 times lower than the original or initial values.  Increase at the surface layers is 1.12 to 1.18 times that 
compensates for the reduction of 1.02 to 1.25 times in the lower layers. It may be noted that, while retaining the 
strength, a secondary redistribution of total nitrogen in the soil profile occurred.  In terms of irrigation with fresh 
water, the average content is 1.19 times higher, and in all layers except the bottom, where it is higher by 1.2 to 1.7 
times. A model based on the equation Nf,i = Nin,i + Σ(I – O)i ,  can give the final nitrogen content Nf, if we add the 
summation ‘Σ’ of nitrogen input ‘I’ minus the nitrogen that escapes, or is absorbed by vegetation ‘Out’, to the initial 
nitrogen content ‘Nin,i ’ of a controlled soil volume. This may apply to the other nutrients too. 
The distribution of NO3-N in the original soil profile is characterized by values smoothly increasing in depth 
from 13 to 24 mg / kg soil (Fig. 2). As a result of prolonged irrigation with freshwater and wastewater it is noted that 
NO3-N content has increased in layers from 0 - 55 cm. While when using fresh water, the average value of 22, 4 mg 
/ kg soil increased to 35, 8 mg / kg of soil which is almost 1,6 times increase. In the sewage version, it also increased 
to 44 mg / kg of soil, the distribution being the same for both options. There was a significant increase in the surface 
0-55 cm, as it is higher when irrigated with sewage. There was certainly redistribution in the profile in terms of the 
original values, as the NO3-N in the soil profile is in an unstable form, and changes as a result of nitrification. In 
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irrigated conditions, NO3-N is absorbed much more easily from vegetation. In this aspect such a comparison reflects 
the moment on which soil samples are taken.  
 
Fig.3. Yellow bars show PO2O5 (mg/kg) content of soil samples irrigated with treated effluent and red bars the   PO2O5 content of samples 
irrigated with fresh farm water, both at the end of the experimental period. Blue bars show the original PO2O5 content of the soil samples before 
the experiment. 
 
The distribution of phosphates in the original soil profile (fig. 3) shows significantly higher values in the surface 
layer (15,5mg/kg) as compared to the lower layers ranging from 7.4 to 1,8 mg/kg of soil sample. As a result of 
irrigation, the surface layer (0-25 cm) shows a reduction under both irrigation waters. Under the option of fresh 
water the average reduction is 1.68 (1.19 - 2.17) times. In the treated water version, the reduction is lower, that is, 
1.57 (1.49 - 1.64) times. When irrigating with treated wastewater the content of phosphates shows an  increase of  
the original values by 1.7 - 1.28 times .When  irrigating with fresh water,  phosphate content decreases between 1.43 
and 1.32 times at all increments except at after 75cm, where a very small increase is detected. 
4. Conclusions 
After years of experiments, results showed that the content of Ntotal in the soil profile of soils irrigated with 
treated waste water is 17% higher in the surface layer and 11% higher in lower levels compared to the profile 
irrigated with fresh groundwater. No significant differences were detected in the of NO3-N content in the soil profile 
for both irrigation water types. As far as P2O5 content is concerned, groundwater caused a 20% increase in the 
surface layer, while wastewater for irrigation caused profile increases ranging from 9-68%.  
Comparing results to the ones of the initial period, there were no major differences in Ntotal and P2O5 in the soil 
profile, while there was an increase in  NO3-N ranging from 1.6  - 2 times. 
In general, no significant change to nutrient content in soils is detected when irrigated with treated effluent 
compared to irrigating with fresh groundwater. The patterns obtained from this study suggest that no immediate 
danger is posed in dry environments when irrigating with this treated wastewater; even in supporting agriculture of 
coastal regions where man made nutrient production is a problem which can easily intruded sea waters causing 
eutrophication. Monitoring is however suggested as well as control of the addition of fertilizers in order to maintain 
proper nutrient quantities. Models based on inflows, outflows and the inner metabolism into controlled volumes can 
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easily be developed in order to monitor these nutrient flows. 
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